This article investigated the application of multivariate geostatistics for analysis of regional evapotranspiration. The focus of the described research was analysis and modeling of the spatial correlation between evapotranspiration and elevation above sea level. The main goal was to investigate whether the use of cokriging could improve the accuracy of evapotranspiration estimates over a regular grid by including elevation in the estimation procedure. 
.
Most of the extrapolation techniques commonly used give arbitrary weights to the data, regardless of the physical aspects of the problem, and cannot provide any indication as to the precision of the results (Delhomme, 1978) . The theory of regionalized variables, or geostatistics, uses the correlation between neighboring measurements to construct a model which characterizes the structure of the spatial variability of the parameter under study, such as evapotranspiration (Journel and Huijbregts, 1978) . The modeled spatial variability can be applied to estimate the required parameter by spatial extrapolation at locations where no measurements are available. The method also provides a tool to quantify the error of the estimation (Delhomme, 1978) .
The feasibility of applying geostatistics to evapotranspiration studies has been previously analyzed for the state of Oregon (Cuenca and Amegee, 1987) . This research indicated the presence of a bias in the estimates derived from the application of geostatistics due to the fact that the topographic characteristics of Oregon were not included in the modeled spatial variability. Cuenca and Amegee (1987) 5 suggested dividing the state into uniform climatic regions and applying geostatistics within each region. This task was performed by Nuss (1989) with an improvement over the original work, but topographic characteristics were again excluded.
The scope of the work described in this article was to 15 cm, green grass cover of uniform height, actively growing, completely shading the ground, and not short of water" (Doorenbos and Pruitt, 1977) .
MATERIAL AND METHODS

Description of the ET r and elevation data bases
Six climatic regions were identified in Oregon based on general climatic characteristics (Redmond, 1985) . The present study was limited to four of those regions and the other two regions were excluded due to the small number of stations and the lack of significant correlation between ET r and elevation (Martínez-Cob, 1990 ). The four regions studied ( Figure 1) were: A) Willamette Valley; B) North Central; C) South Central; and D) East. (Doorenbos and Pruitt, 1977; Allen and Pruitt, 1986; Cuenca, 1989) . The months of January and December were excluded from further analysis because values of ET r were zero at most of the primary data weather stations (Martínez-Cob, 1990) .
Elevation values were available at the sites at which the primary data weather stations were located (Redmond, 1985) . 
Geostatistical analyses
In this work, there were a total of 44 study cases as ten (David, 1977; Journel and Huijbregts, 1978) . In all cases, isotropy was assumed and isotropic experimental semivariograms were computed even though anisotropy was evident for elevation (Martínez-Cob, 1990 (Journel and Huijbregts, 1978; Armstrong and Jabin, 1981) . In the case of direct-semivariograms, it suffices to adhere to those models for which the conditionally positivedefinite condition has been shown (Armstrong and Jabin, 1981) .
In the case of cross-semivariograms, positive-definite curves (David, 1977; Journel and Huijbregts, 1978) . and Huigbregts, 1978; Vieira et al., 1983) . and Huijbregts, 1978; Vieira et al., 1983) . The cokriging estimation error variance, , also known as the cokriging variance, was computed as
which separates a sample point from the point . 
Mapping of ET r estimates and errors
The commercial computer program SURFER v. 4.0 was used to map the kriged and cokriged annual ET r estimates and their kriging and cokriging standard deviations. These maps allowed a graphical comparison of kriging and cokriging. The contour intervals of the maps were selected according to two criteria: 1) the chosen interval width was higher than the corresponding average kriging or cokriging standard deviations; and 2) a number of about 10 to 12 contour intervals was considered the , 1987; Nuss, 1989) and was therefore used for the same purpose in this study. No nested structures other than nugget effects were evident in the experimental semivariograms. It was therefore not surprising that there was evidence of a nugget effect in most of the experimental semivariograms.
However, in some cases a nugget effect equal to zero was assumed based on the cross-validation statistics. Note that the nugget effect, in general, was higher for the warmer months of the year. This result was at least partially due to the fact that the variance of the ET r values during those months was higher than during winter months (Martínez-Cob, 1990 ). In general, the nugget effects shown in Table 2 were lower than those reported by Nuss (1989) in a previous study of the application of geostatistics for evapotranspiration. Nuss (1989) performed the study for similar climatic regions in Oregon using three-year averages of local ET r which probably led to a higher degree of uncertainty in the sample values of ET r and, therefore, to higher nugget effects.
The ranges of the semivariogram models also showed some variation during the year (Table 2) . During the warmer months, the ranges were shorter for region A and longer for regions B and D. Region C showed less variation in range than the other three regions. In the case of annual ET r , the ranges were similar to those for the warmer months. Recall that ET r rates during the warmer months are the highest and have the greatest influence on the annual ET r rates. Ranges of regions A, B and C 13 were relatively similar while region D showed higher range values. Ranges shown in Table 2 were similar to those from Nuss (1989) with the exception of region A in which ranges were greater.
Direct-semivariograms for elevation. Table 3 were at distances close to or greater than the ranges of the direct-semivariograms for ET r . Cross-validation results were used to support the selected ranges. In general, the cokriged contours of monthly ET r followed the same pattern as cokriged contours of annual ET r (Martínez-Cob, 1990 ). In all cases ET r decreased as elevation increased as expected due to the negative correlation between the two variables. 
Kriging and Cokriging
CONCLUSIONS
One of the important aspects of hydrology which has traditionally received little attention is topography (Burges, 1986 2) The accuracy of the cokriged estimates of ET r at the edges of the different climatic regions was relatively questionable. The problem of the border effect has not been correctly addressed. It would be beneficial to develop a procedure which would systematically correct this problem.
One alternative could be the use of locations from other regions situated in the neighborhood of the region being studied.
3) The direct-semivariograms for ET r modeled and crossvalidated in this project were developed using long-term averages of ET r . The feasibility of applying these models over shorter time should be tested. Previous work by Nuss 
